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A plurality of light sources that emit light having a long wavelength are energized for an extended period of time to increase the

likelihood of two photon absorption by cells that have preferentially absorbed a photoreactive agent such as psoralen. The cells are preferably

microscopic metastatic cancer cells that are diffusely distributed throughout a treatment site, for example, within an organ. The plurality

of light sources are arranged in a spaced-apart array, mounted on a support plate that includes a plurality of conductive traces. A plurality

of such arrays are preferably mounted to a flexible sheet that can conform to an outer surface of an organ being treated. Because the light

emitted by the light sources is in the infrared or near infrared waveband, it penetrates deeply into the tissue at the treatment site. The

duration of the treatment and the number of light sources employed for administering the therapy increases the likelihood of two photon

absorption by the metastatic cancer cells, which has been shown to activate the photoreactive agent to destroy cancer cells in a tumor, even

though the characteristic light absorption waveband of the photoreactive agent is in the ultraviolet waveband.



FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on- the front pages of pamphlets publishing international applications under the PGT.

AL Albania ES Spain LS Lesotho SI Slovenia

AM Armenia Fl Finland LT Lithuania SK Slovakia

AT Austria FR France LU Luxembourg SN Senegal

Al) Australia GA Gabon LV Latvia sz Swaziland

AZ Azerbaijan GB United Kingdom MC Monaco TD - Chad

BA Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo

BB Barbados GH Ghana MG Madagascar TJ Tajikistan

BE Belgium GN Guinea MK The former Yugoslav TM Turkmenistan

BF Burkina Faso GR Greece Republic of Macedonia TR Turkey

BG Bulgaria HU Hungary ML Mali TT Trinidad and Tobago

BJ Benin IE Ireland MN Mongolia UA Ukraine

BR Brazil EL Israel MR Mauritania UG Uganda

BV Belarus IS Iceland MW Malawi US United States of America

CA Canada IT Italy MX Mexico uz Uzbekistan

CF • Central African Republic JP Japan NE Niger VN Viet Nam
CG Congo KE Kenya NL Netherlands YU Yugoslavia

CH Switzerland KG Kyrgyzstan NO Norway ZW Zimbabwe

CI Cote d'lvoire KP Democratic People's NZ New Zealand

CM Cameroon Republic of Korea PL Poland

CN China KR Republic of Korea FT Portugal

CU Cuba KZ Kazakstan RO Romania

CZ Czech Republic LC Saint Lucia RU Russian Federation

DE Germany U Liechtenstein SD Sudan

DK Denmark LK Sri Lanka SE Sweden

EE Estonia LR Liberia SG Singapore



WO 98/50034

-1-

PCT/US98/07726

INTERNAL TWO PHOTON EXCITATION DEVICE FOR DELIVERY OF
PDT TO DIFFUSE ABNORMAL CELLS

Field of the Invention

The present invention generally relates to an apparatus and method for

5 delivering long wavelength light to administer photodynamic therapy (PDT), and

more specifically, applies to administering long wavelength light from an

internally implanted array of light sources to destroy diffuse abnormal cells in an

organ by causing a photodynamic reaction in a photoreactiye agent that has been

infused into the organ.

10 Background of the Invention

Most techniques used to treat cancer (other than chemotherapy) are

directed against a defined tumor site in an organ, such as a brain tumor, or a tumor

in the breast. When the mass of abnormal cells is consolidated and sufficiently

large, either surgical removal, destruction of the tumor mass using either heat or

15 cold, or radiation therapy becomes possible because the target is readily

identifiable and localizable. However, it is not uncommon for a cancer that has

initially occurred at a primary site to metastasize and spread into adjacent organs

as diffuse clusters of abnormal cells. These small clusters of cells, which are more

properly referred to as microscopic diffuse metastatic deposits, are not localizable

20 and are virtually impossible to treat other than by chemotherapy. However,

because of the diverse nature of cancer cells, only a portion of the metastatic

abnormal cells will likely be susceptible to chemotherapy, leaving abnormal cells

that are resistant to the therapy to multiply until the patient dies from the

concomitant effects of the malignant cells.

25 This problem can arise, for example, when colorectal cancer occurs in a

patient. Although the treatment applied to a cancerous tumor in the colon may be

effective to destroy the tumor at that primary site, metastatic cancer cells often

spread from this primary site into the liver (and into other organs of the body).
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.Ultimately, because none of the conventional techniques for treating cancer are

truly effective in destroying the microscopic metastasized cells, the patient will die

when the liver ceases functioning due to the spread of the abnormal cells. Clearly,

a new and more effective approach is required to destroy such microscopic diffuse

5 non-localizable metastatic deposits in an organ that cannot be fully destroyed by

any conventional treatment.

Recently, a new method for treating breast cancer has been developed by

Eric Wachter et al. at Oak Ridge National Laboratory, and this method appears to

be useful for treating other types of cancer. The technique employs a Ti:sapphire

10 laser to administer PDT with light in the near infrared, i.e., relatively long,

wavelength light. In conventional PDT, a light-activatable photoreactive agent is

administered to a treatment site in or on a patient's body and is preferentially

absorbed by abnormal cells at the site. When light from a laser or other source

having a waveband corresponding to the absorption waveband of the

15 photoreactive agent is applied to the abnormal cells, the photoreactive agent

absorbs the light. The resulting photodynamic reaction then destroys the abnormal

, cells comprising the tumor.

The new technique developed by the Oak Ridge research group differs

from conventional PDT in several respects. In contrast to conventional PDT, the

20 near infrared light produced by the Tksapphire laser is at a wavelength

substantially longer than the characteristic absorption waveband of the

photoreactive agent employed. Instead of the single photon absorption process

involved in a conventional photodynamic reaction, a two photon process occurs

when a pulse of the 700 - 1000 nm light is focused on the tumor being treated.

25 Due to its relatively long wavelength, the near infrared light emitted by a mode-

locked Ti:sapphire laser can penetrate into tissue up to 8 cm. or more, making it

possible to pinpoint tumors that are relatively deep within the patient's body, well

below the dermal layer. The two photon process is able to activate a photoreactive

agent such as psoralen, which is normally activated during PDT by ultraviolet

30 light having a much shorter wavelength. Since light having a shorter wavelength

penetrates a shorter distance into tissue, the long wavelength light is preferable. In

addition, the longer wavelength light causes less damage to tissue than the shorter

wavelength ultraviolet light normally used to activate psoralen.

In a paper entitled 'Two-Photon Excitation of 4'-Hydroxymethyl-4,5\

35 8-Trimethylpsoralen," by Dennis H. Oh et al., Photochemistry and Photobiology.

1997, 65(1): 91-95, the magnitude of the emission spectrum of this specific psoralen
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-when excited by two photon absorption is reported to depend quadratically on the

intensity of the laser excitation. Based on this article, it appears that to be effective in

causing an acceptable level of two photon absorption, a focused, high intensity light

source must be used. Thus, it appears that although the technique developed by the

5 Oak Ridge research group is useful in destroying cancer cells well below the surface of

the patient's skin, a high power laser is required for producing the near infrared light

and the laser must be aimed at a pinpoint location in an organ where a tumor is known

to exist It would therefore appear that this technique is not applicable to destroying

diffuse, microscopic metastatic cells that have invaded an organ.

10 A different approach therefore seems to be required to achieve long

wavelength, two photon excitation of an appropriate photoreactive agent to

destroy abnormal cells that are randomly dispersed throughout an organ. Instead

of using a high power light source, it will likely be possible to use a plurality of

lower power light sources and to administer the light therapy for a long period of

15 time. Preferably, if this PDT must be applied for an extended period of time, the

patient should remain mobile during the treatment. A Tirsapphire laser source

clearly cannot be used for this purpose due to its expense, and the requirement that

the patient remain motionless during the treatment with such a laser.

Summary of the Invention

20 In accord with the present invention, an apparatus is defined for

administering a photodynamic therapy to a treatment site within a patient's body

using light having an infrared or near infrared waveband. The light is intended to

destroy microscopic, diffuse metastatic cells at the treatment site that have

absorbed a photoreactive agent having a characteristic absorption waveband for

25 light that is substantially shorter than the near infrared waveband. The apparatus

includes a support plate on which are disposed a plurality of electrical conductors

that are adapted to couple to a source of an electrical current. A plurality of light

sources are mounted on the support plate in electrical contact with the plurality of

electrical conductors so that the plurality of light sources are energized by an

30 electrical current conveyed by the plurality of electrical conductors. The light

sources emit light having a long wavelength that is in the near infrared to infrared

waveband. Means are included for directing the light emitted by the plurality of

light sources so that the light emitted from one light source crosses the light

emitted by a different light source. Use of a plurality of light sources increase the

35 likelihood of two photons substantially simultaneously being absorbed by the

photoreactive agent in a microscopic, diffuse metastatic cell at the treatment site.
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^Absorption of two photons by the photoreactive agent results in a photodynamic

reaction that destroys the cell.

The apparatus also preferably comprises a plurality of support plates. On

each support plate are mounted a plurality of light sources that are energized by

5 current conveyed by a plurality of conductive traces. A flexible sheet is provided

on which the plurality of support plates are mounted. The flexible sheet is

positioned at the treatment site and flexibly conforms to a surface within the

patient's body, so that the light emitted by the plurality of light sources is directed

into tissue at the treatment site. Further included are a plurality of flexible leads

10 that are coupled to the plurality of electrical conductors on the plurality of support

plates and are adapted to convey electrical current to the plurality of electrical

conductors. A biocompatible envelope encloses the flexible sheet and the

plurality of support plates mounted thereon. At least a portion of the envelope

that is adjacent to and overlies the plurality of light sources mounted on the

15 plurality of support plates is transparent. In a preferred form of the invention,

some of the plurality of light sources are activated at one time, and others are

activated at a different time, to minimize heating of tissue at the treatment site.

In one preferred form of the invention, the means for directing comprise a

plurality of lenses. Each of the plurality of light sources includes one of the

20 plurality of lenses, and the plurality of lenses focus light emitted by the plurality of

light sources in desired directions. In an alternative embodiment, the means for

directing comprise a plurality of mirrors. Each of the plurality of light sources

includes one of the plurality of mirrors, and the plurality of mirrors focus light

emitted by the plurality of light sources in desired directions.

25 The plurality of light sources are preferably arranged in a spaced-apart array

on one surface of the support plate. As a further alternative, the means for directing

the plurality of light sources comprise inclined mounting bases that orient the

plurality of light sources at different angles relative to the support plate. Preferably,

the plurality of light sources comprise either light emitting diodes or laser diodes.

30 One of the advantages of the present invention is that it can be used to

destroy microscopic, diffuse metastatic cells within an organ disposed internally

within the patient's body. The long wavelength light emitted by the plurality of

light sources penetrate deep within the internal organ reaching metastatic cells that

are substantially below a surface of the organ.

35 Another advantage is that the location of the support plate and light source

array on the organ surface obviates the need for breaching the organ parenchyma.
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*The superficial location greatly reduces the risk of bleeding and fistula formation,

which is inherent to an intraparynchymal device.

A further aspect of the present invention is directed to a method for

administering a photodynamic therapy to a treatment site within an internal organ

5 of a patient's body using light in an infrared or near infrared waveband. The

photodynamic therapy destroys microscopic, diffuse metastatic cells in the internal

organ that have absorbed a photoreactive agent having a characteristic light

absorption waveband substantially shorter than the near infrared waveband. This

method thus includes steps that are generally consistent with the functions

10 performed by the elements of the apparatus discussed above.

Brief Description of the Drawing Figures

The foregoing aspects and many of the attendant advantages of this

invention will become more readily appreciated as the same becomes better

understood by reference to the following detailed description, when taken in

15 conjunction with the accompanying drawings, wherein:

FIGURE 1 is a top plan view of support plate on which are mounted a

plurality of light sources that emit light having a long wavelength, in accord with

the present invention;

FIGURE 2 is a side elevational view of the support plate, showing a front

20 row of the plurality of light sources emitting light along intersecting paths;

FIGURE 3 is a top plan view of a plurality of the support plates mounted

on a flexible sheet and enclosed within a biocompatible, transparent envelope;

FIGURE 4 is a side elevational view of the flexible sheet shown in

FIGURE 3;

25 FIGURE 5 is a schematic view showing how the flexible sheet is used, to

administer PDT to destroy metastatic cancer cells randomly dispersed within a

liver inside a patient's body;

FIGURE 6 is a side elevational view of two light sources, illustrating a first

embodiment that uses lenses for directing light emitted by the light sources; and

30 FIGURE 7 is a side elevational view of two light sources, illustrating a

"second embodiment that uses mirrors for directing light emitted by the light sources.

Description of the Preferred Embodiment

As noted above in the Background of the Invention, the prior art teaches that

the efficacy of two photon absorption by a photodynamic agent to implement PDT
35 varies quadratically with the intensity of a laser source for the infrared waveband

light that has been used for this technique in the prior art. However, the present



WO 98/50034

-6-

PCT/US98/07726

-invention takes a different approach to achieving two photon interaction that does

not use such a high intensity light source. Instead of using a single focused high

intensity laser light source, as in the prior art, the present invention uses a plurality

of light sources, generally as shown in FIGURE 1. These light sources are

5 preferably light emitting diodes (LEDs) or laser diodes configured as an array 10,

including light sources 18 around the periphery of the array, and light sources 20 in

the interior of the array. Light sources 18 and 20 emit light having a characteristic

long wavelength that is in the infrared waveband. It is also contemplated that light

sources can be selected, which emit light in the near infrared waveband. However,

10 longer wavelength light is preferable, since as noted in the above discussion of the

prior art Ti:sapphire laser, the longer wavelength light penetrates much more deeply

into tissue at a treatment site than short wavelength light.

Array 10 includes a support plate 12 formed of a suitable electrically

insulating polymer, which is relatively rigid. Although FIGURE 1 shows a

15 support plate that is square, it will be understood that support plate 12 can be

rectangular, or may be non-quadrilateral in shape; A plurality of parallel

conductive traces 14 are applied to the upper surface of support plate 12 and are

interleaved with a corresponding plurality of conductive traces 16, forming pairs

of spaced-apart conductive traces 14 and 16 on which the plurality of light sources

20 are mounted. In the preferred embodiment illustrated, light sources 18 differ from

light sources 20 only in the directions in which light emitted thereby is directed.

Specifically, light sources 18 all direct the light they emit in various directions that

are slightly angled toward the interior of array 10. In contrast, light sources 20

direct the light emitted thereby in a plurality of different directions, all of which

25 are generally oriented away from support plate 12. By varying the angle at which

the light emitted by the light sources is directed, the likelihood that the light

emitted by one light source will intersect the light emitted by another light source

is increased, thereby increasing the probability of two photon absorption by a

photoreactive agent infused into the treatment site toward which the light is

30 directed. Further discussion of this point is set forth below.

The light sources in array 10 are energized by an electrical current applied

to conductive traces 14 and 16 through leads 22 and 24. Leads 22 and 24 are

connected to conductive traces 14 and 16 by drops of solder 30. Alternatively,

drops of conductive adhesive can be used to attach leads 22 and 24 to the

35 conductive traces. Except where connected to the conductive traces, leads 22
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^ and 24 are enclosed by an electrically insulating polymeric layer 34 of the type

commonly used for insulated electrical leads.

As illustrated in FIGURE 2, the long wavelength light emitted by light

sources 18 and 20 penetrates deeply within a treatment site 40. Prior to

5 administering long wavelength light to the * treatment site, it is infused with an

appropriate photoreactive agent, such as psoralen. Other suitable photoreactive

agents having a characteristic absorption waveband that is much shorter than that

of the light emitted by light sources 1 8 and 20 can alternatively be used. A
plurality of microscopic, diffuse metastatic cancerous cells 42 randomly

10 distributed throughout the tissue at treatment site 40 preferably absorb the

psoralen or other photoreactive agent that has been infused into the treatment site.

The long wavelength light emitted by light sources 18 and 20 penetrates deeply

into the tissue of the treatment site so that photons comprising the light rays

interact with metastatic cancer cells 42, causing a two photon absorption to occur.

15 Although a photoreactive agent infused into the treatment site, such as psoralen,

has a characteristic light absorption waveband in the ultraviolet range, two photon

absorption of light in the infrared or near infrared waveband can nevertheless cause a

photodynamic reaction. Thus, when two photons of the long wavelength light impact a

metastatic cancer cell that has absorbed the photoreactive agent, the agent is activated by

20 the two photons, causing the same therapeutic result as if light in the characteristic

absorption waveband of the agent (i.e., in the ultraviolet waveband) had been absorbed

by the material. The resulting photodynamic reaction destroys the metastatic cancer cell.

Since these metastatic cancer cells are diffusely distributed throughout treatment site 40,

and because the light emitted by the light sources is not nearly as intense as that produced

25 by the Ti:sapphire laser of the prior art, the PDT therapy must be administered for

substantially longer time to have the expected therapeutic result. In other words,

although two photon absorption by the photoreactive agent occurs much less often than

would be the case if a much higher intensity laser light source were used, the longer

duration of the treatment enables the same therapeutic result Furthermore, since the

30 light rays emitted by the light sources on array 10 are not focused at a particular point,

but instead are directed at various angles throughout treatment site 40, two photons

comprising different rays are more likely to intersect diffusely distributed metastatic

cancer cells 42 in a manner that is not possible with a focused high intensity laser light

source, like that disclosed in the prior art.

35 While array 10 of light sources 18 and 20 would be useful for administering two

photon absorption PDT to a relatively small treatment site, the spread of metastatic
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-cancer cells more often occurs throughout an organ having a substantially larger size than

could readily be treated by array 10. To treat an organ such as a liver 66, as shown in

FIGURE 5, a probe 50 (shown in FIGURES 3 and 4) is provided that includes a plurality

of arrays 10 mounted on a flexible sheet 52. Flexible sheet 52 is fabricated from a

5 polymer selected for its flexible characteristics i.e., its ability to be folded over without

damage and undue resistance, and in the preferred embodiment shown in FIGURE 3, is

illustrated as having a generally rectangular shape. Anrays 10 are attached to flexible

sheet 52 in spaced-apart relationship to each other and are electrically coupled in parallel

through leads 24 and 22, to conductive traces 54 and 56, which extend along one edge of

1 0 flexible sheet 52. Conductive traces 54 and 56 may comprise a conductive polymer or a

metallic trace deposited on flexible sheet 52 and having sufficient flexibility to bend with

flexible sheet 52 without damage. Because of its flexibility, the flexible sheet conforms

around the exterior surface of an organ or other treatment site, such as liver 66.

Furthermore, conductive traces 54 and 56 are connected through insulated leads 60

15 and 62 to a power supply 70, generally as shown in FIGURE 5.

To protect the plurality of arrays 10 comprising probe 50 from mechanical

damage and from exposure to body fluids, flexible sheet 52 and the plurality of

arrays 10 mounted thereon are encapsulated within a biocompatible envelope 58

that is optically transparent. Biocompatible envelope 58 is sealed around the

20 edges of flexible sheet 52 and around leads 60 and 62, where the leads pass

through the periphery of the envelope. Biocompatible envelope 58 is fabricated

from a polymer that is sufficiently flexible to bend without damage, and thus to

conform to the shape of a treatment site, such as liver 66.

The long wavelength light emitted by light sources 18 and 20 on each of

25 arrays 10, which is graphically indicated by a plurality of arrows in FIGURE 5,

covers a substantially larger area of the organ to which the PDT is being

administered. However, it is likely that the total area covered by the arrays mounted

to flexible sheet 52 may be less than that of the organ or other treatment site to

which the PDT is being administered. If so, probe 50 is moved to overlie a different

30 portion of the surface of the organ being treated, after the PDT has been

administered for a duration of time sufficient so that metastatic cells are destroyed in

the portion of the organ previously treated with probe 50. In this manner, the entire

organ can be treated with two photon absorption PDT to destroy the diffuse

metastatic cancer cells within the organ.

35 Because of its flexible nature, probe 50 can readily be inserted

transcutaneously into a patient's body while rolled up, e.g., by insertion through a
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*laparoscopic guide tube or using other conventional laparoscopic techniques, and

the rolled or folded flexible sheet can then be maneuvered into position for

administering long wavelength light to the treatment site. Once positioned

adjacent the treatment site, the rolled or folded flexible sheet is unrolled or

5 unfolded and spread over the surface of the organ or other treatment site to which

the long wavelength light will be administered. If necessary to move the probe,

conventional endoscopic techniques can again be applied to grasp the probe and

shift it to a different position at the treatment site.

Power supply 70 is also preferably implanted inside the patient's body, at a

10 site spaced apart from the organ or other treatment site where the probe is

positioned. Although a battery will likely be included in power supply 70, the

battery is preferably charged in situ using an electromagnetic receiver coil (not

shown) disposed subdermally within the patient's body. The electromagnetic

receiver coil is inductively coupled to an external electromagnetic coil (also not

15 shown) that is energized by an alternating electrical current from an external

source. These components and details of power supply 70 are not shown in the

drawing figures, since they do not specifically relate to the present invention.

A key aspect of the present invention is its ability to direct the long

wavelength light emitted by the plurality of light sources along paths into the

20 tissue so that the light emitted by different light sources intersect, thereby

increasing the likelihood of two photon absorption. In connection with this object,

FIGURE 2 illustrates how light sources 20 are mounted on angled bases 26 at

different angles and include convex lenses 28 to insure that the light emitted by

each light source travels in a desired direction, generally with minimal spherical

25 dispersion. As also shown in FIGURE 2, the direction in which light emitted by

adjacent light sources is oriented is varied, to insure that the light emitted by one

light source intercepts the light emitted by a different light source. In this Figure,

the light emitted by light sources immediately behind those shown are indicated

by dashed arrows, while the light emitted by light sources visible in the

30 foreground of the Figure is indicated by solid arrows. It is also contemplated that

bases 26 can be oriented at varying angles relative to the support plate to provide

greater diversity and variation in the direction in which light emitted from the

plurality of light sources is directed into tissue at the treatment site.

An alternative approach for directing light emitted by the light sources is

35 illustrated in FIGURE 6. In this embodiment, light sources 74 each include an

asymmetric convex (or wedge shaped) lens 76 that directs the light emitted by the
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o light source at an acute angle, relative to the central axis of the light source, so that

the light emitted by the light sources is directed in a plurality of different

directions, relative to support plate 12. Again, varying shapes for asymmetric

convex (or wedge shaped) lenses 76 can be employed to provide greater diversity

5 in the directions in which light emitted from each light source is directed.

In FIGURE 7, yet another alternative embodiment is illustrated for

directing the light emitted by each light source in different directions. A light

source 80 includes a light emitting diode or laser diode 84 mounted in a cavity,

above a convex mirror 86 that is angled to reflect light emitted from the solid state

10 source in a desired direction. By varying the relative orientation or position of

convex mirrors 86 within the cavity, it is thus possible to ensure that the light

emitted from each such light source is likely to cross the light emitted by a

different source within the tissue of the treatment site.

Since the plurality of light sources used in the present invention may heat the

15 tissue to an excessive temperature that might damage healthy tissue at the treatment

site, it is contemplated that it may be desirable to energize only a portion of the light

sources on probe 50 at one time, with another portion being subsequently energized.

For example, the light sources in every other array 10 mounted on flexible sheet 52

(as in a checkerboard pattern) can be selectively energized for an interval of time,

20 e.g., ten minutes,, and then de-energized while the. previously de-energized light

sources in the other arrays 10 are then energized. The localized heating caused by

the light sources will then be minimized, since the tissue adjacent each array 10 will

have an opportunity to cool between the times that the array of light sources is

energized. Further, the benefit of this technique will be to extend the intervals at

25 which the battery in power supply 70 needs to be recharged using the external

inductively coupled power source noted above.

Although the present invention has been described in connection with the

preferred form of practicing it, those of ordinary skill in the art will understand

that many modifications can be made thereto within the scope of the claims that

30 follow. Accordingly, it is not intended that the scope of the invention in any way

be limited by the above description, but instead be determined entirely by

reference to the claims that follow.
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The invention in which an exclusive right is claimed is defined by the

following:

1 . Apparatus for administering a photodynamic therapy to a treatment

site within a patient's body using light having an infrared or near infrared

waveband for destroying microscopic, diffuse metastatic cells at the treatment site

that have absorbed a photoreactive agent having a characteristic absorption

waveband for light that is substantially shorter than the near infrared waveband,

comprising:

(a) a support plate on which are disposed a plurality of

electrical conductors that are adapted to couple to a source of an electrical current;

(b) a plurality of light sources mounted on the support plate, in

electrical contact with the plurality of electrical conductors so that the plurality of

light sources are energized by an electrical current conveyed by the plurality of

electrical conductors, said light sources emitting the light having a long

wavelength that is in the near infrared to infrared waveband; and

(c) means for directing the light emitted by the plurality of light

sources so that the light emitted from one light source crosses the light emitted by

a different light source, thereby increasing a likelihood of two photons

substantially simultaneously being absorbed by the photoreactive agent in a

microscopic, diffuse metastatic cell at the treatment site, to destroy said cell by a

photodynamic reaction.

2. The apparatus of Claim 1, further comprising:

(a) a plurality of support plates, each including a plurality of

light sources mounted thereon that are energized by current conveyed by a

plurality of conductive traces; and

(b) a flexible sheet on which the plurality of support plates are

mounted, said flexible sheet being positioned at the treatment site and flexibly

conforming to a surface thereof so that the light emitted by the plurality of light

sources is directed into tissue at the treatment site.

3. The apparatus of Claim 2, further comprising a plurality of flexible

leads that are coupled to the plurality of electrical conductors on the plurality of

support plates and are adapted to convey electrical current to the plurality of

electrical conductors.
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4. The apparatus of Claim 2, further comprising a biocompatible

envelope that encloses the flexible sheet and the plurality of support plates

mounted thereon, said envelope being transparent at least in a portion thereof that

is adjacent to and overlies the plurality of light sources mounted on the plurality of

support plates.

5. The apparatus of Claim 2, wherein a portion of the plurality of light

sources are activated at one time and a different portion at a different time, to

minimize heating of tissue at the treatment site.

6. The apparatus of Claim 1, wherein the means for directing

comprise a plurality of lenses, each of the plurality of light sources including one
of the plurality of lenses, said plurality of lenses focusing light emitted by the

plurality of light sources in different directions.

7. The apparatus of Claim 1, wherein the means for directing

comprise a plurality of mirrors, each of the plurality of light sources including one

of the plurality of mirrors, said plurality of mirrors focusing light emitted by the

plurality of light sources in different directions.

- - - 8 The apparatus of Claim !, wherein the plurality of light sources are

arranged in a spaced-apart array on one surface of the support plate.

9. The apparatus of Claim 1, wherein the means for directing

comprise inclined mounting bases for the plurality of light sources that orient the

plurality of light sources at a plurality of different angles relative to the support

plate.

10. The apparatus of Claim 1, wherein the plurality of light sources are

selected from one of light emitting diodes and laser diodes.

11. The apparatus of Claim 1, wherein the treatment site is an organ

disposed internally within the patient's body.



WO 98/50034

-13-

PCT/US98/07726

12. A method for administering a photodynamic therapy to a treatment

site within an internal organ of a patient's body using light having an infrared or

near infrared waveband, for destroying microscopic, diffuse metastatic cells in the

internal organ that have absorbed a photoreactive agent having a characteristic

light absorption waveband substantially shorter than the near infrared waveband,

comprising the steps of:

(a) administering the photoreactive agent to the patient, said

photoreactive agent being selectively preferentially absorbed by the microscopic,

diffuse metastatic cells in the organ, at the treatment site;

(b) positioning a plurality of light sources at the treatment site,

said plurality of light sources emitting light in the infrared or near infrared

waveband;

(c) directing the plurality of light sources toward an interior of

the organ, so that light emitted thereby travels along different crossing paths; and

(d) energizing the plurality of light sources to emit the light in

the near infrared or infrared waveband, said light penetrating the organ to at least a

predetermined depth, causing two photon absorption by the microscopic, diffuse

metastatic cells in the organ, thereby destroying said cells.

13, The method of Claim 12, wherein -the step of directing comprises

the step of mounting the plurality of light sources so that they are oriented in a

plurality of different directions.

14. The method of Claim 12, wherein the .step of directing comprises

the step of providing the plurality of light sources with a plurality of lenses that

focus the light emitted from the plurality of light sources in different directions.

15. The method of Claim 12, wherein the step of directing comprises

the step of providing the plurality of light sources with a plurality of mirrors that

focus the light emitted from the plurality of light sources in different directions.

16. The method of Claim 12, wherein the plurality of light sources are

mounted on a plurality of support plates attached to a flexible sheet.
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17. The method of Claim 16, wherein the step of positioning comprises
the step of conforming the flexible sheet around an outer surface of the internal

organ, with the plurality of light sources directed to emit light into an interior of
the internal organ.

18. The method of Claim 12, further comprising the step of energizing
the light sources with short duration pulses of an electrical current to increase the

intensity of the light emitted thereby, while maintaining a substantially lower
average electrical current.

19. The method of Claim 12, wherein the plurality of light sources are

selected from one of light emitting diodes and laser diodes.

20. The method of Claim 12, wherein the light sources are arranged on
a plurality of support plates in a spaced-apart array.

21
.

The method of Claim 12, wherein different portions of the plurality

of light sources are sequentially energized to emit the light, thereby reducing the

energy required and minimizing heating of the internal organ.

22
•

The method of Claim 12, further comprising the step of protecting

the plurality of light sources in a sealed biocompatible envelope that encloses the

plurality of light sources, at least a portion of the envelope overlying the plurality

of light sources being substantially optically transparent.

23. The method of Claim 12, wherein the plurality of light sources are

energized while the patient is ambulatory, said plurality of light sources being
energized over an extended period of time to destroy the microscopic, diffuse

metastatic cells.

24. The method of Claim 12, further comprising the step of repositioning

the plurality of light sources to administer light to a different portion of the internal

organ.
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